Interestingly, we found the switching behavior to be strongly affected by a high-frequency (microwave) current applied to the sample. The microwaves at 3-7 GHz suppress the dc switching and produce resonance-like features that we tentatively associated with the dissipationless magnonics recently predicted to occur in antiferromagnetic insulators subject to ac electric fields.
We have characterized the effects of microwave irradiation on electronic transport in Sr 3 Ir 2 O 7 as a function of microwave frequency and power, strength and direction of external magnetic field, strength and polarity of applied dc bias, and temperature. Our observations support the potential of antiferromagnetic materials for high-speed/high-frequency spintronic applications.
2 Antiferromagnetic (AFM) spintronics is one of many promising routes for 'beyond the CMOS' technologies where unique properties of AFM materials are explored to achieve new and improved functionalities. AFMs are especially interesting for high-speed memory applications thanks to their high natural frequencies. Of particular interest are 5-d transition metal oxides (TMO) due to their rich and widely unexplored physical phenomena. In these systems, comparable energy scales of crystal-field splitting, electron correlations, and spin-orbit coupling (SOC) result in close interconnections between physical properties and crystal structure. For instance, a very large anisotropic magnetoresistance (AMR) [1] and reversible resistive switching driven by high-density currents/high electric fields [2] were both demonstrated in an AFM Mott insulator Sr 2 IrO 4 . These results provide an interesting insight into using such phenomena for writing and reading information in spintronic memory applications, but the relatively low Néel temperature of Sr 2 IrO 4 (T N =240 K) makes this specific material impractical. Further studies of such materials are, however, in demand as recent experimental [3, 4] and theoretical [5, 6, 7] results have indicated a possibility of superfluid spin transport in AFM insulators that may open up a completely new pathway to transfer information in AFM spintronic devices.
In this letter we study electrical transport properties of Sr 3 Ir 2 O 7 -a sister compound to Sr 2 IrO 4 [8] -with a higher Néel temperature (T N =285 K). Temperature-dependent resistivity measurements show that the activation energy in this new compound depends on the applied dc electrical bias but with little or no dependence on the applied magnetic field. This bias dependence allows to drive continuous variations in the sample resistivity by as much as 50% followed by a reversible resistive switching at higher biases. Such a switching may potentially be used for the writing operation in memory devices based on AFMs; high precession frequencies associated with AFMs make them ideal candidates for future high-speed memory applications. While our dc resistivity measurements confirm the potential of iridates for such applications, the main interest lies in probing their high-frequency properties. That is just what we did with our present experiments.
We observed that the switching behavior in antiferromagnetic Sr 3 Ir 2 O 7 is strongly affected by a high-frequency (microwave) current applied to the sample. The microwaves at 3-7 GHz produce resonance-like features at higher biases that may be tentatively associated with the dissipationless magnonics recently predicted [6] to occur in AFM insulators in the presence of an ac electric field.
We have characterized the effects of high-frequency radiation on electronic transport in Sr 3 Ir 2 O 7 as a 3 function of microwave power and frequency, strength and direction of externally applied magnetic field, temperature, and strength and polarity of a dc bias.
In our experiments we used single crystals of Sr 3 Ir 2 O 7 synthesized via a self-flux technique described elsewhere [9] . [10] . Here the high-frequency response is monitored by detecting a small rectification voltage V ω , which appears across the sample at resonance, while the applied microwave current is amplitude-modulated and a lock-in amplifier is used for V ω -detection to increase the signal-to-noise ratio. [11] . By performing a similar analysis at different applied bias currents I we were able to reconstruct the bias dependence of the activation energy Δ 0 at a fixed temperature. neither a field-dependence of the critical current (Fig. 3b) nor MR (Fig. 3c) . This zero magnetotransport response can also be related to the collinear (c-axis) antiferromagnetic structure in respectively. At P = -20 dBm (Fig. 4a-b) , R(I) reveals a reversible resistive switching like the one discussed above (Fig. 3) while V ω (I) shows only a noise floor of less than 10 μV which suddenly increases to more than 50 μV above I C = ±30 mA. The microwave signal applied to the sample at P = -20 dBm is negligible, so these results are identical to measurements with no microwaves applied.
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The increased noise above |I C | may be an evidence of a fast but small resistive switching events which occur at higher biases. At P = 10 dBm (Fig. 4c-d) , the reversible resistive switching at I C = ±30 mA disappears (except for smaller jumps in R) and the rectification V ω (I) signal emerges. Note that the V ω (I) signal preserves the hysteretic behavior of resistive switching observed without microwaves (compare up-and down-sweeps in Fig. 4c ). At positive current biases in the gray upsweep (negative in the black down-sweep) we observe a resonance-like structure at about ±20 mA.
Finally, at P = 20 dBm (Fig. 4e-f) , the resonance-like structure disappears and the overall shapes of V ω (I) and R(I) appear somewhat smeared out, which is not surprising given an inevitable averaging of dc signals at high amplitudes of applied ac (microwaves). From X-ray resonant scattering, it is known that Sr 3 Ir 2 O 7 has an antiferromagnetic ground state with the antiferromagnetic spin axis directed along the c-axis [14, 15] . It seems therefore natural to assume that antiferromagnetic resonance (AFMR) can be excited in our Sr 3 Ir 2 O 7 samples.
According to Kittel [17] , AFMR is described by ω⁄γ = H 0 ± 2 , where H 0 is the applied magnetic field, H A the anisotropy field, H E the exchange field, and γ the gyromagnetic ratio.
Assuming unreasonably low values of ~10 and ~0.1 we estimate an AFMR frequency of ≈40 GHz at zero applied field (inaccessible in our experiments). However, we observed a resonance-like structure at much smaller frequency and with no frequency or magnetic field dependence [11] expected for AFMR. We thus conclude that our observations depicted in
Figs. 4-6 are unlikely to be related to AFMR and suggest another mechanism based on a recent prediction of dissipationless spin currents in AFM insulators driven by ac electric fields [6] .
A highly efficient transfer of spin currents across an antiferromagnetic NiO has been recently observed in YIG/NiO/Pt trilayers [3, 4] . Two different mechanisms have been proposed to explain the spin transport across an antiferromagnet: a non-equilibrium superfluid spin transport [5] and propagation of evanescent spin waves [18] . Note that in both cases a ferromagnetic material (YIG in Refs. 3, 4) ought to be present for generation of spin current. In contrast, Chen and Sigrist argued [6] that an oscillating electric field can alone excite spin currents in antiferromagnetic insulators even in the absence of ferromagnets. According to their predictions [6] no external magnetic field is required for the excitation, and dissipationless spin currents can be triggered via the magnetoelectric effect even when the oscillation frequency does not match the antiferromagnet's natural (AFMR)
frequency. These predictions correlate well with our observations in the antiferromagnetic Sr 3 Ir 2 O 7
without a ferromagnet -a resonance-like structure in V ω (I) is observed in a wide frequency range (from 2-5 GHz), independent of magnetic field, and depends on the applied electric field bias.
According to Chen and Sigrist [6] dissipationless magnonics can be excited in multiferroic insulators with a coplanar AFM spiral order by oscillating electric fields. In Sr 3 Ir 2 O 7 such an order may be initiated via the field effect: an applied dc bias leads to lattice distortions and associated electric polarization [2] ; the lattice distortions, in turn, may alter the magnetic structure of Sr 3 Ir 2 O 7 via spinorbit coupling and promote a spiral-like AFM magnetic order at a certain level of applied dc bias (|I C |); finally, a sufficiently high ac current applied on top of the dc bias could excite the spin super currents. The absence of the switching in dc R(I) characteristics above this critical ac (microwave)
power may be tentatively associated with the dissipationless nature of these excitations.
In summary, we have studied dc and high-frequency transport properties in antiferromagnetic [2] . The activation energy can be tuned by an applied dc electrical bias, which allows for a continuous variation of its resistivity by as much as 50% followed 8 by a reversible resistive switching at higher biases. The switching behavior is strongly affected by a high-frequency current applied to the sample. The microwaves (2-7 GHz) were found to suppress the dc switching and produce a resonance-like structure that we tentatively associate with dissipationless magnonics recently predicted to occur in antiferromagnetic insulators subject to ac 
